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25(2) PHASE I BOOK EXPLOITATION SOV/2181 
Vrashev, Sergey Pavlovich, Engineer, Aleksandr L'vovich Letnik, Do-- 


cent, and Daniil Moiseyevich Shifrin, Engineer 


Mashinovedeniye (Science of Mechanical Engineering) Moscow, Mashgiz, 
1956. 463 p. 80,001-155,000 copies printed, 


Ed. (Title page). V.M. Tareyev, Doctor of Technical Sciences, Pro- 
fessor; Ed. (Inside book): F.B. Nel'son-Skornyakov, Laureate of 
the Stalin Prize, Doctor of, Technical Sciences, Professor; Review-~ 
ers: N.K. Korneychuk, Candidate of Technical Sciences, and I.P. 
Lukin, Candidate of Technical Sciences; Tech. Ed.: S.M. Popova; 
Managing Ed. for Literature on Machine Building and Instrument 
Making: N.V. Pokrovksiy, Engineer. 

PURPOSE: The book is a textbook for the course, Science of Mechan- 
ical Engineering, for tekhnikums in which the Science of Mechan- 

- deal Engineering is taught as a general engineering course. 


COVERAGE: The book presents basic information on hydraulics, en- 
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Science of Mechanical Engineering SOV/2181 


gineering thermodynamics, and the theory of heat transfer. The 
operation and construction of turbines, pumps, steam boilers, 
furnaces, steam engines, steam turbines, and internal combustion 
engines are discussed. No personalities are mentioned. There 
are 41 references, all Soviet, 


TABLE OF CONTENTS: 
Foreword 


SECTION 1. HYDRAULICS; PUMPS, AND 
HYDRAULIC ENGINES 


Ch.I. Basic Concepts 
1. The subject and importance of hydraulics 
2. Physical properties of a fluid ; 


Ch.II. Hydrostatics 
1. Hydrostatic pressure 
2. The basic equation of hydrastatics 
3. Pascal's law 
4, Absolute and gage pressure 
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Science of Mechanical Engineering S0V/2181 
5. Pressure of the Liquid on a plane surface if 

6. Pressure of the liquid on a curved surface iT 

7. suoyancy id 
Problems i& 


Ch. III. Hydrodynamics 


1 

1. Basic concepts and terminology 19 

2. Hydraulic equation of cuntinuity of flow - el 

3. Two regimes of fluid flow 22 

4, Energy of a stream and of a flow 24 

5- Bernoulli's equation for fluid flow 25 

6, Practical application of Bernoulli's equation 27 

7. Fluid flow in pipes 30 

8. Flow of a fluid from an orifice 37 

9. Flow of a fluid through a nozzle 39 

Problems 4h 

Ch. IV. Pumps ko 

1. Constructions and working principle of piston pumps 2 
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Science of Mechanical Engineering S0V/21c0' 
2, Basic types of piston pumps and their theoretical capacity 6 
3. Actual capacity of a piston pump 4g 
4, Air chambers eed 
5. Power requirement and efficiency of a pump 50 
6. Examples of construction of piston pumps ope 
7. Construction and working principle of centrifugal pumps be 
8. Basic equation for a centrifugal pump Hit 
9. Effect of speed on the operation of a centrifugal pump and ; 

its characteristic y Eb 
10. Comparison of piston and centrifugal pumps aie 
11. Propeller pumps and screw pumps 5g 
12. Jet pumps, gear pumps, and vane pumps 59 


Ch. V. Hydraulic Engines 6 
1. Working principle of hydraulic engines 6 
2. Constructions of hydraulic turbines 


COU be bet 


3. Hydroelectric power stations 
SECTION 2. ENGINEERING THERMODYNAMICS AND THE 
THEORY OF HEAT TRANSFER 
Engineering Thermodynamics T2 


Card 4/17 
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1. Thermal energy 
2. Engineering thermodynamics 
3. Basic parameters of the state of a working medium 


Welty 


Ch. I. (Gas Laws 
1. Perfect gas 
2. Avogadro's law 
3. Characteristic equation for gases 
4, Application of gas laws to real gases 
Problems 


Ch. II. Mixtures of Gases 
1. Concept of a gas mixture 
2. Daiton's law 
3. Composition of a gas mixture by weight and by volume 
4, Density and specific volume of a gas mixture 
5. Gas constant of a mixture 
6. Mean molecular weight 
7. Relationship between volumetric and gravimetric parts 
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Problema 39 

Ch. III. The First Law of Thermodynamics 90 
L. The thermodynamic process. The equilibrium {reversible ] 

and real process fay 

2. Graphical interpretation of a process on the P-V plane Je 

3. Absolute work of gas expansion or compression 94 

4, Unit for measuring heat OG 

5. Intrinsic energy of a gas 97 

6. Principle of equivalence of heat and work 97 

7. The first law of thermodynamics 96 

Ch. IV. Specific Heat 100 

100 


L Basic definitions 


2, Interrelationship between gravimetric, molal,and volumetric 


specific heat LOL 
3. Specific heat at constant volume and constant pressure 1C2 
4, Actual and mean specific heat 1G4 
5. Reference formulas for specific heat of gases 107 
6. Specific heat of a gas mixture 106 
7. Amount of heat necessary for heating gas 1GY 
Problems lli 
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Science of Mechanical Engineering S0V/2131 
ch, V. Thermodynamic Processes lie 
1. Basic thermodynamic processes nae 
2. Isovolumic process 4.2 
3. Isobaric process 1i4 
4, Isothermal process 116 
5. Adiabatic process 1i9 
6. Polytropic processes 124 
Problems 1238 
Ch. VI. Second Law of Theraodynamics 129 
1. Closed process or cycle 129 
2, The Carnot cycle for 2 perfect gas 131 
3. The second law of the >modynamics 133 
4, T-8 diagram. Mathema;zical expression for entropy 133 
5, Graphic interpretatioi of basic thermodynamic processes in 
a T-S diagram for 1 kz. of a perfect gas 134 
4, The Carnot cycle on tie T-S plane 136 
7. Change of entropy in an isolated system Lae 
Card 7/ 17 
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Ch. VII. The Theoretical Ccnpressor 136 
1. Working principle of ¢ piston compressar 138 
2. Work consumed by a theoretical compressor 140 
3. Multiple-stage comprersor 142 
Ch. VIII. Steam 142 
1. Steam production process 142 

2. Graphical interpretaticn of steam production process on the 
P-V plane 144 
3. Specific volume of water and steam 146 
kh, Concept of enthalpy (heat content) 1&7 
5. Enthalpy of water and steam 148 
6. Tables for steam and its use 15) 
7. Enthalpy-entropy diagram 155 
Problems 157 
Ch. IX. Flow of Gases and Vapors 159 


1. Basic formulas for flow 

2. Critical pressure ratio and critical velocity 
3. Design of nozzles from enthalpy-entropy diagram 
4, Throttling of steam 

Problenssa 
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Ch. X» Ideal Cycle of Steam Power Unit (Rankine Cycle) es 
1. The Rankine cycle Lyi 

2, Efficiency of the Rankine cycle 173 

3 Specific steam consumption in Rankine cycle 174 

, Methods of increasing the economy of a steam cycle 17% 

5. Steam with high initial parameters sored 

6. District heating 77 
Problems 178 
Theory of Heat Transfer NS 
Ch. XI. Heat Transfer by Conduction, Convection, and Radiation 1/79 
. Basic types of heat propagation i7vs 

2, Heat transfer by conduction through & plane wall 180 

3. Convective heat exchange 181 

i}, Radiant heat exchange 


5, Heat transfer through a plane wall 


Ch. XII. Heat Exchange Apparatus LC 
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SECTION 3. FUEL AND BOILER PLANTS 


Ch. I. Fuels and Their Characteristics 19% 
1. Types of fuel and their origin 193 
2, Composition of fuel 193 
3. Calorific value of fuel 196 
Ch. II. Basic Types of Fuel in the USSR 198 
1. Puel resources in the USSR 198 
2, Brief synopsis of basic types of fuel 198 
Ch. III. The Process of Fuel Combustion 203 
1. The process of fuel combustion 203 
2. Composition of gaseous combustion products 206 
3. Calculation of the coefficient of ‘excéss'.air 20k 


4, Calculation of the volume of gaseous combustion products 208 
5, Enthalpy (heat content) of combustion products and of air 209 


Ch. IV. A Boiler Plant and Its Operation ~ 212 
1. Purpose and types of boiler plants ' ele 
2. Basic elements of a boiler plant 213 
3. Basic characteristics of a boiler unit 21€ 
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h, Efficiency of a poiler unit 
1 and chemical 4{ncomplete com- 


5. Heat losses due to mechanica 
bustion and losses into the surrounding medium; efficiency 9° 
ei 


a furnace 
he thermal balance of @ 


6. Heat losses in waste gases and t 
poitler unit 220 
Te Theoretical combustion temperature and furnace screen 22't 
Ch. V. Construction of Steam Boilers 226 
1. Constructions of the simplest steam boiler 226 
23h 


2, Fire-tube boilers and combined boilers 
3. Straight water-tube boilers 

4, Bent water-tube boilers 

5e Once-througn poilers 

6. High-pressure boilers 


Ch. VI. ([Botler] Furnaces 


1. Furnaces with stationary-grate stokers 
2. Furnaces with travelling-grate stokers 


Card 11/17 


APPROV : 
ED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R000929420005-0" 


"APPROVED FOR RELEASE: 07/12/2001 


7 a Sac Bia 
et tetas detent. tte). Sus 2 - —_ 7 | 


Science of Mechanical Engineering sov/2it1 


3. Chamber-type furnaces for solid fuels 
4, Chamber-type furnaces for combustion of Liquid and gaseous 

fuels 2 
rs,Air preheaters, and 


Ch. VII. Steam Superheaters, Economize 

Auxiliary Boller Room Equipment 274 

1. Steam superheaters aya 
2, Economizers 27 
3, Air preheaters e78 
h, Devices for forced and natural draft 279 
5. Steam piping 279 
6. Feeding devices and preparation of water 282 
7. Storage of fuel. Fuel delivery and removal of ashes 263 
8, Design of heating surfaces of a boiler unit 284 

Ch. VIII. Operation of Boiler Plants 286 
1. Reguiations for operation of poiler plants 286 
2. technical economical andexes of boiler operation 288 
3, Methods of increasing steam production and economy of 

poiler plants 288 
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SECTION 4. STEAM ENGINES 

Ch. I. Working Process of a Steam Engine: 2346 

of a steam engine 230 


Principle of operation and main parts 
f the development of the steam 


2, Information on the history o 

engine 230 

3. Theoretical and actual diagrams of the work of steam in 
an engine 293 
4, Indicator. Mean 4ndicator pressure 296 
5. Indicator and effective horsepower 297 
. Losses in a steam engine and methods of reducing them 299 
steam power plant er 
v 


a Efficiency of a steam engine and of a 
. Steam consumption of an engine at variable output 

9. Condensation of exhaust steam 303) 
10. Use of exhaust steam 308 
Ch. II. Steam Distribution and Regulating Steam Engine Power 307 
1 Steam distribution by a slide valve 307 
2, Steam distribution py lift valves 312 
3. Slider-crank mechanism and the flywheel 325 
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hk, Regulating of engine power 315 

Ch. III. Construction of Steam Engines 3. 
1. Classification of steam engines 31 
2, Examples of steam engines 3) 


SECTION 5- STEAM TURBINES 


Ch. I. Basic Concepts and Working process 326 
1. Concept of a steam turbine 3,26 
®, Work principle of an impulse turbine 227 
3 Velocity stages 329 

, work principle of a reaction turbine 330 

5. Combination turbines 333 

6. The working process in nozzles of @ turbine 334 

7. Blade work 330 

8. Pressure-stage blade efficiency 340 


9. Internal process in a steam turbine; losses ana efficiency 343 
10. Steam consumption of 4 turbine and its variation with the 


load 
11. Steam turbine power regulation 
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ch. II Construction of Steam Turbines 
am turbines : 
ing in the USSR 
single- 4mpulse turbine (with pack- 
pressure ' 
. Multiple-stage medium-capacity condensing-type 4mpulse 
turbine 
. single cylinder 50 ,000-KW. » 3000-r.p-Me condensing-tyPpe 
turbine 
two-cylLinder extraction turbine 
two-cylinder high-pressure turbine 
, condensing systems 4n steam turbine plants 


ch, III. Steam Turbine Electric Power Piants 
1. Concept of heat power plants 
2. Construction of purbine electric power plants 


3. Technical electric power plant operation > 


. 


4, Development f ring in the USSR 
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SECTION 6, INTERNAL COMUBUSTION ENGINES 


Working Process of Internal Combustion Engines 
nformation on the history of the development of 
ombustion engines 

2. The of internal combustion engines 

3, Working pr cle engines 

4, e engines 

5. f¢ carbureti n 

, Indicator anda effectiv of internal combustion 

engines 


7. Heat palance, efficiency,and fuel consumption of engines 


ch. Il. jons of Internal Combustion Engines 
of internal combustion engines 


arburetion system 
arburetion 
from Liou 
f internal combustion engines 


GAS TURBINES AND JET ENGINES 
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TITLE: Measuring frequency fluctuation by 2 delay -line method 
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i ABSTRACT: Measuring fluctuation of the frequency of oscillations by a delay- 
‘fine method with the use of a square-law detector is theorctically considered. A | 
‘ correlation function of the detector -output signal 1s devoloped. The output-signal | 
3 described by a formula derived from a Wiener-Khinchin theorem: the’ 
{no limitation of the phase drift during the 
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The applicability of 


: spectrum i 
i formula holds true for any dolay time 
‘ delay time is imposed). Defining the Noptimum delay time 
_ cations, the selection’of this optimum time is discussed. 
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ABSTRACT: The authors examine the possibility of reducing the line width of a la- : 

ger by using an atomic beam in a direction parallel to tle front of tle wave in the reso- 

inator. Since population inversion cannot be produced in this case by allowed opti- | 

‘eal transitions, they propose the use of the 180° pulse method, wherein the atomic 

; beam passes, through a light rey whose frequency equals the excitation frequency 

: necessary fdr the atom to go over into a long-lived excited state. To avoid the 

‘ aifficulty raised by the possible deviation of the lasing frequency from the central 
transition frequency, the atomic beam 4g mate to interact with the light beam gener- 
- ated by the laser itself. A diagram of such a laser 4s shown in Fig. 1 of the En- 3 
elogure. Its essential part is @ quantum amplifier operating at the transition fre- 
: quency. It is possible to use & semiconductor quantum amplifier in the case of Ca | 
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‘and Sr beams, and an amplifier with ean na®*-doped crystal in the case of an Be beam. 
It is indicated in the conclusion that an atomic beam can also be excited by an in- 

‘tense spectral line from an 4ncoherent source, such as the recently developed spec-. 
tral lamps which emit intense intercombination lines of Ca, 8r, and other substances. 
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several p-n junctions I 
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ABSTRACT? A theoretical analysis is conducted of the mode of ‘operation 
of an injection laser consisting of an array of pmn junctions in which 
oscillations are synchronized in order to obtain lar-er power output : 
and better directionality of laser emission. An electrodynaaic nodel 
of a pon junction as a dielectric waveguide with a low critical fre~ 
quency in which there are only the lowest order standing waves Ey, 

and Hgg is used in deriving a formula for the (nternal coupling of the 
function dua to the penetration of the field. An expression fe also 
agarives for the external diffraction coupling coeffictent by = usthod- 
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developed by N. G. Basov et al which is described in a paper yet to be 


published. External diffraction coupling of p-n junctions is obtained 
by making a hole in the face of the semiconductor snd using an external 
mirror. The criteria for atability of the synchronized mode of oper 
tion are obtained by analyzing the oscillation equations of a system 
pimilar to that of two interacting lasers. Numerical estimates for a 
typical p-1 junction show that synchronization of oscillations is nore 
favorable in the case of external coupling. Orig. art. hast 5 seer 
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, TOPIC TAGS: heterodyning light wave , laser ra 
‘ ABSTRACT: The dependence of the beat amplitude on the angular difference 
between heterodyned waves is theoretically explored for various cages of 
-nencoherent (ordinary light) and coherent (laser, TEM,,) waves. Inthe case of | 
‘plane waves, the beat amplitude depends on the wave polarization and is directly | 


‘ proportional to the area of the converter: two subcases of different and f 

"idan t feat, directions of waves are also conaidered. The case of spherical waves 

| (a confocal-resonator lager) is aimilar to the planar case. Aljao, a formula for 

| the beat amplitude is derived for TEM, and TEM,, laser waves. "In conclusion,| 
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‘ABSTRACT: Propagation of a light pulse igs investigated in a medium with popu- 
‘lation inversion. Nonlinear distortions of .the medium by a strong radio- 
tion pulse are. taken- into account. A nonlinear integral equation is derived 
which defines the limiting shape of a light pulse which passes a relatively great 
‘distance through the medium. Losses and degree of inversion of the induced radia- 
ition are taken into account in this equation. An expression is derived for the 

‘limiting “anergy of. ‘the .pulae,:and the nonlinear integral equation for the 
asymptotic shape of -the pulse is solved numerically and plotted (see 
Fig. 1 of the- Enclosure) for .varfous ratios of. loss factor to ampli fi-~ 
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TITLE: Generation of highly directional coherent radiation 
SOURCE: Optika { spektroskopiya, v. 19, no. 3, 1965, 465-467 
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‘ABSTRACT: Generation of highly directional coherent radiation by an array of coupled 
‘lasers is discussed. The two methods described are based on the interference in the 
far zone of 1) coherent beams from several synchronized lasers (an arrangement for 
two lasers is shown in Fig. 1 of the Enclosure), and 2) coherent beams from reflecting § 
surfaces (Fig. 2) of a single laser. In the first case the following three operating 
regimes are possible: a) synchronized generation by two lasers, b) independent opera~ 
tion of two lasers, and c) generation by one laser with a cavity in the shape of | 
i, The results of an earlier paper (Akademiya nauk,SSSR. Doklady, v- 161, no. 3, | 
11965, p. 556) are used to obtain the criterion for the existence of the synchronized 
regime which can be achieved by using gas lasers. A similar analyeis can also be 
iconducted for more than two lasers. The coherent laser emission which interferes in 
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| TITLE: Photoionization of atoms in coherent states 


| SOURCE: Optika 1 spektroskopiya, v. 20, no. 2, 1966, 349-350 

{ 
b- / TOPIC TAGS: gaseous state maser, photoionization, coherent radiation, stimulated 
‘emission . 
21,44, 5S 
_ABSTRACT: The author considers single-quantum photoionization of an atom in a 
, State which is a superposition of two states with close energies E, and Ez. It is — 
Shown that the probability for photoionization of an atom oscillates at a frequency 


_ ou (81-80) 
, | These probability oscillations remain valid in an assembly of noninteracting atoms 
in a common electromagnetic field with a frequency Q which makes the phenomenon — 
: i coherent with respect to the assembly. This phenomenon of coherent photoionization 
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may be used in masers. It is shown that the process does not depend on the extent 
‘to which the ionizing light is monochromatic. The periodic change in the probabili- 
ty for photoionization of atoms may be used for producing a rarefied plasma with an 
electron and ion density which oscillates with a frequency M9. Excitation in this 
‘plasma of an electromagnetic field with a frequency Qg would result in coherent _ 
‘superposition of the two initial states of the atoms (polarization of the atoms on 
‘frequency 29). Emission of electromagnetic waves is theoretically possible by plac- 
‘ing a gas in a resonator tuned to a frequency Ng» It is shown that coherent photo- . 
‘fonization could be most easily observed in vapors of alkali metals (Rb, Cs, etc.) | 


which have a low jJonization potential. "The author is sincerely grateful to N. G. 


‘Basov, 0. N. Krokhin and I. I. Sobel'man for useful consultation and valuable re- 
marks." Orig. art. has: 3 formulas. {14} - 
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ABSTRACT: Diffraction lossef were calculated for an open resonator consisting of 
two infinitely long plane reflectors of width 2a separated by a distance L, the 
central band of width 2d of each of which is absorptive. The calculations were 
-|undertaken to obtain information concerning the diffractiun coupling of open 
resonators; such information may be of practical importance in connection with the 
synchronisation of lasers by diffraction coupling. The calculations wore performed |— 
with an electronic computer for the TEM,, and TEM modes by the method of A.G.Fox 
and T.Li (Boll Syste Techn. J., 40, 463, 1961). +o paranctor d/a was varied over 
| dts full range from 0 to 1, and calculations were porformed for tha valuea 1, 2.25, 
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ABSTRACT: Specific cases of the synchronization of several lasers and p-n junctions 
were described earlier by the authors with N. G. Basov (ZhTF, 25, 6, 1965; 25, 5, 
1965, 809; FIT, 7, 337, 1965). In this letter to the editor of Zhurnal tekhnicheskoy 
fiziki, the authors report on the results of a theoretical investigation of a two- 
laser synchronization under more general conditions: different field amplitudes, 
delayed interaction, interaction through the active medium (apart from the resonator 
coupling), and permittivity dispersion. Orig. art. has: 10 formulas. {YK] 
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ABSTRACT: A procedure is described for the measurement of the amplitude probabili- 
;~- | ty denaity of the output of a laser to determine the deviation of the laser light | ' 
from Gausaian light of thermal sources. The method consists in mixing two light 1 
signals with different frequencies and fecding the resultant beat frequency to an | | 
' . | aaplitude anelyzer which measures the amplitude distribution. An experimental set- 
: , [up de shown in Fig. 1 of the Enclosure. A traveling-wave ring laser was used as @ 
“| source of two light oscillations with different frequencies but with matched fluc- 
_. ; tuations of the amplitude (neon-héliun mixture), The rate of rotation was chosen 
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aoe, | such as to make the frequency difference between two oscillations approximately |: 
D398 xe, A typical result 4@ also show in Fig. 1.:: The results cen be fitted 
- | to a dfatribution that corresponds to heterodyning of light oscillations having 
ie | Gausaten amplitude fluctuations. "The authors thank R. G- Basoy fer support end |; 
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ABSTRACT: A theoretical analysis ts presented of the operation of 4 
Laser consisting of a cavity in which the active substance (a semiconduce 
‘tor f£ilm)is deposited directly on the reflectors. TO suppress undé- 
_gtred oscillations in the plane of the active substance, the layer is 
split into separate {solated elements by absorbing partitions. The 
analysis 1s limited to the most dasirable mode of operation, 1. Ces 
‘only the case of synchronized oscillations in the TEM) 5 and TEM; 0 
modes is considered. The coefficients of diffraction coupling of 
| apenscavity resonators are calculated, and the stability criteria for 
,guch an operating regime are established. The losses in the TEM), 
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and TEM,, modes were calculated by a numerical method developed by 

A. G. Fox and T, Lee. It is shown that when the diffraction coupling 
| coefficient hag negative values, coupled resonator cavity losses are 
igmaller than the losses of an isolated cavity resonator. It te 
,@stablished that a stable mode of operation is that of the energeti- 
/ cally most effactive regime. Orig. art. has: 10 formulas and 1 
figure, (cs} 
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ABSTRACT: Limitations imposed on the cross section of a laser beam are discussed. | 
In CW laser resonators with large transverse dimensions, the size of the emitted 
beam can be restricted, in principle, by delayed interaction of the remote areas 

of the laser, or by detuning of the naturai frequencies. of the individual parts of | 
the resonator. The delay effect, however, imposes ng restrictions on the size of 
the generation area, Thus, when A = 1 y and 6b 41 Ay Npay & 800. or when 
L = 100 em the maximum width of the generation area was & 5 cm. In pulsed (Q-modu- | 
lated) lasers, the cross section is restricted when laser action.ocey . during @ 
time of. the same order as that required to set up modes in the resonator. The 
generation area in pulsed lasers can develop as the result of 1) the appeurance and 
growth of separate, mutually-incoherent “etreama” and 2) the confluence of adjacent 
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ABSTRACT: 
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The article is a brief advance report of 4 comprehensive work to be pub- 
that the leading edge of 


materially while propagating within a medium with inverse population. ; 
the velocity of the pulse maximum on reaching 


x 10! cm/sec, 
does not contradict the causality principle, 
since such a propagation takes place as the result of the deformation of the initiall 
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velocity of light in the medium. 
ruby pods 2h cm long was used for experimental study of the problem. 
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of the rods were cut at the Brewster angle. The total gain for a weak signal was 
about 50. Both input and output pulses were recorded by the same coaxial photocell 
arrangements, but the output pulse was made to travel an additional distance so that 
it reached the photocell 56 x 1079 sec after the input pulse. The psrameters of the 
input pulse were as follows: energy 1.3 J, pulse width 16 x 107? sec. A comparison 
of oscillograms of weak and strong pulses revealed that no appreciable shortening of 
the pulse occurred, and that only the time interval between the input and output 
pulse shortened as the pulse strength increased. The shift in the time interval in 
this case was 9 x 1079 sec, which agrees with the theoretical considerations pre- 
sented above. It follows that amplification of the exponentially growing leading 
edge of the pulse results not in a shorter pulse, but in an additional shift of the 
pulse peak. To shorten the pulse, it is necessary to increase the steepness of the 
leading edge by, say, cutting it off by a shutter, by nonlinear absorption, etc. It 
is noted further that the shift of the pulse peak with velocity exceeding the veloc- 
ity of light is accompanied by the shift of the boundary of inverse population and 
can lead to the emergence of a number of new effects such as that of Cherenkov cadia- 
tion. Orig. art. has: 1 figure and 2 formulas. [FP] 
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ABSTRACT: ‘The authors report achievement of laser action with nonresonant feedback, 
produced by back-scattering from @ volume or & surface, which behaves like & "gto- 
chastic" resonator with a continuous natural-frequency spectrum. The lasing frequency 
does not depend on the-length of the resonator, but is determined by the resonant fre- 
quency of the active medium. In this laser (Fig. 1) the active mediums comprised two 
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filter, 6 - photocell, 7 - oscilloscope. 
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ruby crystals in series, each 2h cm long and 1.8 cm in diameter. the feedback was 
produced with the aid of a mirror (reflection 99%) and a volume scatterer (suspension 
of chalk particles in water) or surface scatterer (plate with @ layer of sputtered 
and its spectrum was 


MgO). ‘The Light was recorded with & photocell and oscilloscope, 
measured with & Fabry-Perot interferometer. The gain of 4 weak signal in one passage 
The condition of self excitation of the laser _ 


through the two crystals reached 900. 

4s described. The lasing threshold 18 found to be practically independent of the 
angle of inclination of the scatterer, over & wide range, but jnereases with increas 
distance between the scatterer and the crystal. The rad. 

than 0.015 em™* and was determined by the resolution of the interferometer (the spon- 
taneous emission line width of ruby is 15 cm). An investigation 0 = 


‘| ¢4on spectrum has shown that there are no frequencies characteristic of lasers with ~ 


resonant feedback. {he angle spread 0 
crystal diameter to the average distance 
distribution of the radiation f 
with duration 200 n 


roportional to the ratio of the 
between the mirror and the scatterer. The 
as quite homogeneous. A pulse 
switching of the stochastic res- 


f¢ the feedback. It is conseque 
optical frequency on the basis of & Jaser with nonresonant feedback, using 
| high-gain atomic transitions in a 48 discharge (Ne, Xe, etc.) operating 

and also scatterers with narrow ‘pack- scattering directivity pattern. 
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TOPIC TAGS: laser, stimulated emission, nonlinear optics 

: ABSTRACT: A theoretical investigation is made of the change in the shape of a 

pulse froma laser during nonlinear amplification. The assumption is made that 

pulse duration is considerably longer than the transverse relaxation time of the 

medium. An expression is derived for the pulse velocity in such a medium as a 

function of the shape of the initial pulse. In the case of the exponential leading 
edge, this expression, which applies to the general case when the velocity pulse 

varies with the displacement of the pulse along the leading edge, reduces to the | 
one derived by Basov et al. (AN SSSR, Doklady, v. 165, no. 1, 1965, p. 58). 

It is shown that it is possible to predict uniquely the change in the shape of the [> 
pulse of light during nonlinear amplification or even the shape of the ultrasonic 
pulse in a two-level phonon maser amplifier, if the shape of the jnitial pulse is 
known. de Pyaar has: 8 formas and 3 figure 
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TOPIC TAGS: coherent light, laser application, Bose Einstein statistics, ‘distriba- 


tion function 
ABSTRACT: ‘The author calls attention to the possibility of studying experimentally 
a sources of 


the properties of: incoherent light by making use of recently develope 
emission of 


coherent light. It 4g shown that by using the amplified spontaneous 
4t is possible to mea~- 


otons in & quantum state. Since the statistics 


function of incoherent light can be set up in the classic 


two light oscillations of different frequencics. Two pos 
seribed, one in which the amplitude fluctuations of the light oscillations are com- 


pi.ctely matched, and another jn which the fluctuations are eompletely independent» 


Cord v2 


AP 
PROVED FOR RELEASE: 07/12/2001  CIA-RDP86-00513R000929420005-0" 


"APPROVED FOR RELEASE: 07/12/2001 


CIA-RDP86-00513R000929420005-0 


oe . Fabry-Perot 
ith a long Fabry- 
In the former case @ barrow w 


puper-radiation sources 
interferometer, and in the var eee 
can be used.. Arguments to support iment 


The author prc Ne. Ge Bas for (02) 
figure and formilas. . 

ATD PRESS:_ 
SUB CODE: 20/ SUBM DATE: 120ct65/ ORIG REF 003/ OTH REF: 009/ v2.44 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R000929420005-0" 


"AP . 
| PROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R000929420005-0 


ee 


NR: AP6015807 0386/66/003/010, 0413/0416 
34. | 
AUTHOR: [Letokhov, V.5- . 33 


ORO: sics Institute (Fizicheskiy ? 
institut Akademii nauk 885R) — 


TITLE: Autoresonant feedback in ]asers we 


SOURCE: Zhurnal ‘eksperimental'noy 4 teoreticheskoy fiziki. Pis'ma v redaktsiyu. 
Prilozheniye, Ve 3, no- 10, 1966, 413-436 


TOPIC TAGS: laser r and d, refractive index, light reflection coefficient, quantum 
resonance phenomenon 


The author considers the feasibility of producing optical lasers gn which 
ealized by reflecting the light from a three-dimensional 

phase lattice pr ; the laser's own light wave. Since the posi- | 

tion of the resonance 

gain of the active medium, thi 

lasers with stable emission frequency. ‘The 

variation of the refractive index of the medium 

wave can be effected is discussed, and specifi 

jn liquid CSg and a ruby active medium (\ = 7 x 1075 cm), using & 

| second reflection (Figs 1). It is shown that a threshold gain k ~ 10°? per passage 

_ | de perfectly attainable in gaseous active media, for example in Xe ath we 55 pe 
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TITLE; Generation dynamics of a giant coherent light pulse 
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TOPIC TAGS: laser emission coherence, laser pulsation, Jaser theory, nonlinear 
effect, light pulse 
ABSTRACT: A method developed by one of the authors (Suchkov, ZhETF ve kg, 1495, 
1965) for the investigation of nonlinear nonstationary interaction of many modes in 
the presence of an 4nhomogeneous population dnversion in the case of passive Q- 
switching laser processes in solids is employed in the present paper study the 
space-time evolution of a giant 1i e from 6 Q-switched lase The calcula- 
tion takes into account the essentially nonlinear and nonstationary interaction of 
many modes in the resonator of such 4 laser. It 18 shown by solving the space-time 
differential equations for the electric field in the resonator under the appropriate 
boundary and initial conditions that the observed giant pulse 4e the result of & 


superposition of a series of closely spaced pulses generated by neighboring regions 


4n the laser. ‘The influence of the inhomogeneous distribution of the population in- 
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| TITLE: Nonlinear amplification of a light pulse $ 
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23-34 


TOPIC TAGS: laser, nonlinear optics, stimulated emission, quantum amplifier 


ABSTRACT: A theoretical and experimental analysis is made of the passage of 

a powerful light pulse from a laser through a laser amplifier consisting of two 
ruby rods operating ina saturation regime. The preliminary experimental results 
have already been reported (Akademiya nauk SSSR. Doklady, v. 165, no. 1, 1965, 
p. 58-60 (see ATD Press, v. 4, no, 138, p. 7-8)). In the experiments performed, 
it was shown that as the result of nonlinear amplification the velocity of the pulse 
is G6-—9 times greater than the velocity of light in vacuum. To decrease the pulse 
duration during nonlinear amplification, the slope of the incident pulse should be 
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he exponential leading edge of the pulse, By using a 

jon of the pulse was shortened from 8.7 + 0,5 nsec 

o 1.9 + 0.5 nsec, The theo- 

both of the observed effects. 
[CS] 


increased by chopping off t 

second Kerr cell, the durat 

l to 4.7 + 0.5 nsec and the time from 3.7 + 0.5 nsec t 

retical analysis of nonlinear amplification predicts 
_ Orig. art. has: 19 formulas and 8 figures. 
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124-729 


TITLE: Laser al a nonresonant feedback 


TOPIC TAGS: solid state laser, ruby laser, nonresonant feedback, =a laser r and d 


ABSTRACT: A description is given of 8 pulsed luser with a nonresonant feedback 
achieved by back scattering of radiation (See ulso FSB, v- 2, no- 5, 1965, i—6). 
The arrangement used in the experiments is shown in Fig. 1. The active mediun 
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Fig. 1. Experimental arrangement 
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consists of two ruby’ rods , 2 and 3, each 24 cm long and 1.8 em in diareter with tne 
Lb (70% 


ends cut at the Brewster angle. The feedback is achieved by means of mirror 
reflective) and a volume or surface scatterer 1. ‘The volume scatterer consists of 
sulfur hydrosol particles with diameters not less than the laser wavelength which 
are placed in 4 15-cm-long cell with Brewster angle windows. The surface scatterer 
is a layer of magnesium oxide sputtered onto an aluminum plate. The rest of the 
experimental setup consists of a filter 5, 4 photocell 6, and an oscillograph or | 
Fabry-Perot interferometer 7. Experiments indicate that varying the inclination j 
angle of the scutterer between 0 and 60° has virtually no effect on the oscillation 
threshold, which was observed to increase with distance between the scatterer and the 
crystal. The s) itial coherence length of the nonresonant feedback laser does not 
exceed 0.25 mm. The laser emission is highly monochromatic and tne frequency of | 
radiation is independent of the cavity dimensions. The line narrowing (to 0.005 en) 


above the threshold for laser action depends on the resonant properties of the active 
liable optical frequency standard. | 


medium. This property makes such a laser a re 

For this purpose it is preferable to use mixtures of gases such as Xe, Ne-He, etc-, 

as active media +o provide a high gain per pass and a cw operation. Orig. das } 
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ABSTRACT: The spatial and temporal development of a giant pulse of a Q-switched ruby! 
laser in a transverse direction and the effects of the cavity on it were investigated 
experimentally by means of the setup shown in Fig. 1. A ruby rod 9 mn in diameter 

and 120 mm long with dull lateral surfaces was placed in a reflector with a helical 
LFK-15000 flashlamp. For an 8-kj pump the gain per pass was approximately 12. A 

1.5-j single laser pulse was generated with a duration of 10—-15 nanosec. Q-switchigg) --- 
was done by means of a Kerr cell or a vanadium phthalocyanin solution. The exponen~ * 
tial results indicate that generation commences in the center of the crystal and 

spreads transversely over the entire crystal in 3—10 nanosec, i.e., in a time com- . — 
parable to the duration of the integral pulse. The spatial development of generation | 
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Fip. 1. The experimental setup 


a3 1 - Mirror 992 reflective; 2 - polar- | 


> izer; 3 - Kerr cell; 4 - ruby crysta}; 
; 8 i 5 - lens; 6 - semitransparent plate; ; 
i2\ 7 = screen with diaphragms; 8 - inter- 
ference filter; 9 - dull glass; oh: 

7 


[So - 10-12 - coaxial photocells; - 
7 =, gg # 13 - multibeam oscillograph. es 


of population inversion in the 


depends essentially on the density distribution 
crystal and on {ts refractive index. The experimental data agree fully with theore- 
tical data presented elsewhere (V. S. Letokhov and A. F. Suchkov, ZhETP, 50, 1966, : 
: 1148). The authors propose further experiments on the measurement of nonuniformity, 
' of the complex permittivity at the instant of Q-switching and generalization of the 
theory for the case of a nonuniform refractive index. Orig. art. has: 7 figures. {YK] 
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ABSTRACT: ‘This is & continuat 
herent light in 4 medium with nonlin 


1966), where propagation of co 

gated and the possible shortening of light pulses in such a medium predicted. The 

present letter reports on on, showing that to 

obtain compression of 6 propagating light pulse it is Liminate the trans 
that is produced in the light pulse when the latter 48 produced, for 

In the test setup (Fig. 1) the amplifying co 
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Fig. 1. Diagram of experi-' a A ax one 
ment. 1- Taser, 2 - Kerr Jj LY ‘© 2s ities es 
shutter, 3 - cuvette, 4 ~ - 
ruby crystal 


from the fact that the development of pulse generation in the peripheral parts of the 
crystal is delayed by a time of the order of the pulse duration. Success was attained 
when this structure was eliminated by means of a second Kerr shutter that cut off the 

-| leading front of the generator pulse. ‘The pulse width was reduced from about 11 nsec 
(at 0.5 J energy) past the Kerr shutter and the first absorbing cuvette to 5.7 nsec 
(10 J) past the second amplifying crystal, and 2 nsec (15 J) past the third. A l‘ght 
output of 7 - 8 GW (3 GW/cm") was attained. ‘The pulse power is much higher than the 
power causing damage in ruby crystals at 107° sec duration (1 GW/cm). Although 
damage to the crystal is hindered by the short duration of the pulse, it does not pre- 
vent generation of powerful light pulses shorter than 1079 sec. It is concluded that 
extremely short light pulses are obtainable with two-component media in which the ab- 
sorbing component has a saturation energy much lower and a homogeneous line width much 
larger than the amplifying mdim. Orig. art. has: 2 figures. {o2] ff & 
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ABSTRACT: To explain some anomalies rved in the radio emission of the OH 
Imolecule in the 4nterstellar medium, the author demonstrates that radio emis 
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trum accompanies the back scattering, 80° that the spectrum narrowing takes place only 
ough the generation region. In the former case, the ascattcring 

dust particles are not turbulent and the required spectrum narrowing takes place only | 
after many passages through the generation region. The anomalies in the radio emis- |, 
sion of OH can be explained. by. assuming that the radio-emission sources can operate 
in the generation mode. The role of such generation can also be assessed by observing 
the electron and cosmic dust intensity in the anomalous-emission sources, the time 
dependence of the emission intensity, and other factors. ‘The author thanks N. G. 
Basov, G» Ae Askar*yan, and A. G- Molchanov for a discussion of the problem and 
valuable remarks. Orig. art. has: -4 formulas, ‘ 


SUB CODE: 20, 03/  SUBM DATE: 210ct66/ ORIG REF: ook/ . OTH REF: 005/ 
ATD PRESS: 5108 . 


FP a hepa etio hee eee 


APPR 
OVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R000929420005-0" 


"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R000929420005-0 


2 a ST 


; aia ee eee ee ee eee Leas 
ACC NR AP7001314 SOURCE CODE: UR/0057/66/036/012/2181/2187 
' 


‘AUTHOR: Letokhov, V. So; Pavlik, B. D. 


ORG: Physics Institute im. P. N. Lebedev, AN SSSR, Moscow (Pizicheskiy institut 
AN SSSR) 


TITLE: ‘The nonlinear amplification of a surface wave in an active optical waveguide 
SOURCE: Zhurnal tekhnicheskoy fiziki, v. 36, no. 12, 1966, 2181-2187 


TOPIC TAGS: nonlinear optics, wave propagation, optical waveguide, fiber optics, 
glass fiber 


ABSTRACT: A theoretical study was made of the propagation of a surface light wave in 
an optical glass fiber whose core and envelope are activated with paramagnetic ions 
which, respectively, amplify and absorb the wave at the same frequency. In such 
fibers, if saturation of absorption (bleaching 
tion, the leading edge of the pulse is absorbed by the fiber envelope, the remainder 
of the pulse being amplified by the fiber core. As a result, pulse length decreases 
{to 1079 gec) and ite power increases (to 10!9 w/em?). It was shown that in an 
infinite two-component waveguide an energy threshold existe for all modes propagated 
therein, below which modes are attenuated due to the saturation of resonance absorp~ 
tion. The described waveguide can be used to considerably decrease the excitation 
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